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wherein R, n, m, and X are as defined herein. Also disclosed 
are a method of preparing the copolymers, a method of 
hydrophilically modifying porous fluoropolymer Supports, 
and composite hydrophilic fluoropolymer porous mem 
branes prepared from the copolymers. 

15 Claims, 1 Drawing Sheet 
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HYDROPHILICALLY MODIFIED 
FLUORINATED MEMBRANE (V) 

BACKGROUND OF THE INVENTION 

The properties of porous fluoropolymer membranes, for 
example, PTFE membrane, including their mechanical 
strength, chemical resistance or inertness, non-adhesiveness, 
excellent dielectric property, thermal stability at high tem 
perature and low coefficient of friction make them very 
attractive for various applications. However, for certain 
applications, it will be beneficial to modify the surface of 
PTFE without affecting its intrinsic properties. Efforts have 
been made to modify the surface and the chemical properties 
of PTFE membrane in order to improve the suitability of the 
membrane for specific applications. For example, efforts 
have included surface coating, blending, high energy Surface 
modification, for example, broad band ultraviolet radiation 
or BBUV, where the membrane is exposed to a UV radiation 
of wavelength 250-450 nm, and plasma treatment, free 
radical, and oZone etching, atomic layer deposition, and 
synthesis of modified PTFE-like polymers. However, most 
of the efforts were focused on high energy treatment such as 
BBUV and plasma. Though the exact mechanism of these 
Surface modification approaches is not reported, it likely 
results from the formation of free radicals by bond scission 
since C–C bond strength is known to be ~40% lower than 
F F bond. If a majority of the radicals result from C C 
Scission or main polymer chain Scission, it could decrease 
the mechanical and the chemical stability of the PTFE 
membrane. It is also known that plasma treatment is limited 
to the surface of the membrane which makes it less stable 
during a long period of time. 
The foregoing shows that there exists an unmet need for 

a surface modification of porous fluoropolymer Supports to 
provide hydrophilic fluoropolymer membranes which are 
stable, and wherein the Surface modification does not sig 
nificantly affect the mechanical strength of the fluoropoly 
mer Support or the resulting membrane. 

BRIEF SUMMARY OF THE INVENTION 

The invention provides a composite hydrophilic porous 
membrane comprising a porous fluoropolymer Support and 
a coating comprising a crosslinked polymer network, 
wherein the composite hydrophilic membrane is produced 
by coating the porous fluoropolymer Support with a coating 
composition comprising a solvent, a crosslinking agent, a 
photoinitiator, and a telechelic polymer comprising a back 
bone made of polymerized 1,5-cyclooctadiene repeat units, 
wherein at least one of the repeat units comprises a pendant 
hydrophilic group attached thereto and at least another one 
of the repeat units comprises a pendant fluorinated hydro 
phobic group attached thereto, and crosslinking in situ the 
resulting coating. 
The copolymer and the modified homopolymer are useful 

in modifying the Surface of fluoropolymer membranes. 
The present invention further provides methods of pre 

paring the telechelic polymer, and methods of preparing 
hydrophilically modified fluoropolymer membranes. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

FIG. 1 illustrates a process for coating the hydrophilic 
fluorinated polymer in accordance with an embodiment of 
the invention. 
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2 
FIG. 2 illustrates a process for coating and crosslinking 

the hydrophilic fluorinated polymer in accordance with an 
embodiment of the invention. 

FIG. 3 depicts the GPC traces of Poly(COD) and Poly 
(gly-hb-COD-hb-gly) in CHC1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance with an embodiment, the invention pro 
vides a composite hydrophilic porous membrane comprising 
a porous fluoropolymer Support and a coating comprising a 
crosslinked polymer network, wherein the composite hydro 
philic membrane is produced by coating the porous fluo 
ropolymer Support with a coating composition comprising a 
Solvent, a crosslinking agent, a photoinitiator, and a telech 
elic polymer comprising a backbone made of polymerized 
1,5-cyclooctadiene repeat units wherein at least one of said 
repeat units comprises a pendant hydrophilic group attached 
thereto and at least another one of said repeat units com 
prises a pendant fluorinated hydrophobic group attached 
thereto, and crosslinking in situ the resulting coating. 
The end groups of the telechelic polymer can be hydro 

phobic and/or hydrophilic terminal. In an embodiment, the 
end groups are hydrophobic. In another embodiment, the 
end groups are hydrophilic. 

In accordance with an embodiment, the telechelic poly 
mer comprises at least one of the repeat units B and C, and 
optionally one or more repeat units A, wherein the repeat 
units A-C are of the formulae: 

(A) 

(B) 

(C) 

wherein R is a hydrophilic group. 
In the above embodiment, the hydrophilic group R is 

selected from carboxy alkyl, Sulfonic alkyl, and hydroxy 
alkyl groups. 

In embodiments of the invention, units A, B, and/or C can 
be present in any Suitable manner, for example, as blocks, or 
randomly distributed blocks. 
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In an embodiment, the telechelic polymer comprises units 
A, B, and C. For example, the telechelic polymer is of the 
formula: 

(I) 

Ph 

wherein X and mare individually 0 to 35 mole % of n+m+x, 
wherein n+m+x=from 10 to 1000, n and m are individually 
from about 10 to about 1000, and R is a hydrophilic group. 

In an embodiment, the telechelic polymer comprises 
hydrophilic terminal end groups. For example, the hydro 
philic terminal end groups comprise polyhydroxyalkyl ether 
groups. 

In an embodiment, the telechelic polymer has the follow- 3 
ing formula: 

30 

(II) 

wherein R is a hydrophilic group, for example, carboxy 
alkyl, Sulfonic alkyl, or hydroxyalkyl group, and n is from 
about 10 to about 1000, wherein P is a group capable of 
initiating polymerization. 65 

In an embodiment, the telechelic polymer is of the for 
mula: 
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O 

D- O S tro o-a-O a 
O 

HO 

o r 

wherein P is a group capable of initiating polymerization, X 
and m are individually 0 to 35 mole % of n+m+x, wherein 
n+m+x=from 10 to 1000, and R is a hydrophilic group. 
The telechelic polymer can be crosslinked by any suitable 

crosslinking agent, preferably by a bithiol or a multithiol. 
Any suitable photoinitiator can be employed, for example, 

a photoinitiator selected from camphor quinone, benzophe 
none, benzophenone derivatives, acetophenone, acetophe 
none derivatives, phosphine oxides and derivatives, benzoin 
alkyl ethers, benzil ketals, phenylglyoxalic esters and 
derivatives thereof, dimeric phenylglyoxalic esters, perest 
ers, halomethyltriazines, hexaarylbisimidazole?coinitiators 
systems, ferrocenium compounds, titanocenes, and combi 
nations thereof. 

50 

55 

60 

(III) 

S 

F 

F 

F 

F 
F 

(IV) 

HO royo HO 
O OH 

O O OH ^or-o-N-O-N- 
iii. S HO 

-o-l O 
F orn-rich, 
F F HO 
F F OH 

F F 
F F 
F F 
F F 
F F 

F 

Any suitable porous fluoropolymer Support can be hydro 
philically modified, for example, the porous fluoropolymer 
support can be selected from PTFE, PVDF, PVF (polyvinyl 
fluoride), PCTFE (polychlorotrifluoroethylene), FEP (fluo 
rinated ethylene-propylene), ETFE (polyethylenetetrafluo 
roethylene), ECTFE (polyethylenechlorotrifluoroethylene), 
PFPE (perfluoropolyether), PFSA (perfluorosulfonic acid), 
and perfluoropolyoxetane. 

In accordance with an embodiment, the crosslinking of 
the coating is carried by exposing the coating to UV radia 
tion. 
The present invention further provides a telechelic poly 

mer of the formula: 

(V) 
O P, 

p1 Nefn-1-4N1-4No 
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-continued 
(VI) 

HO 

OH HO 

HO HO ^^on 
O HO 

D- O O OH HO --- -------- O 21 2 to 

HO 
O O 

O 

OH ^^o. O 
HO HO 

OH 

(VII) 

HO 

OH HO 
HO r R r ~~on O HO 

D- O S O OH HO O O 

ro n-N- ar pi iii. rt--> S 

O N^on orn-roH, 
HO HO 

OH 

wherein P is a group capable of initiating polymerization, X 40 The telechelic polymer of the invention can be prepared 
and m are individually 0 to 35 mole % of n+m+x, wherein by any suitable method, for example, through ring opening 
n+m+x=from 10 to 1000, and R is a hydrophilic group. 
The present invention further provides a method of hydro 

philically modifying a porous fluoropolymer Support com 
prising: 45 ligand mediates the metathesis reaction. 

metathesis polymerization of 1,5-cylooctadiene (COD). 
Typically a transition metal catalyst containing a carbene 

(i) providing a porous fluoropolymer Support; 
(ii) coating the porous fluoropolymer Support with a 

Solution comprising a solvent, a crosslinking agent, a pho 
toinitiator, and a telechelic polymer as described above: 

(iii) drying the coated fluoropolymer Support from (ii) to 50 
remove at least some of the solvent from the coated solution; 
and 

(iv) crosslinking said telechelic polymer present in the 
coating. 
The present invention further provides a hydrophilically 55 

modified fluoropolymer membrane produced by the method 
described above. 

Any suitable ROMP catalyst can be used, for example, 
Grubbs' first, second, and third generation catalysts, Umi 
core, Hoveyda-Grubbs, Schrock, and Schrock-Hoveyda 
catalysts can be employed. Examples of Such catalysts 
include the following: 

The present invention further provides a method of fil- P 
tering a fluid, the method comprising passing the fluid &Cl 
through any of the composite hydrophilic porous mem- 60 -" 
branes described above. C 

The telechelic polymer can be of any suitable molecular 
weight, for example, in an embodiment, a number or weight HC 
(Mn or Mw) average molecular weight from about 10 kDa 3 sy 
to about 1000 kDa, preferably from about 75 kDa to about 65 
500 kDa, and more preferably from about 250 kDa to about 
500 kDa. 
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12 
-continued 

P BF4, and 

N N 

CH3. 
H3C 

O- Ru 

In an embodiment, Grubbs' third generation catalysts are 
particularly Suitable due to their advantages such as stability 
in air, tolerance to multiple functional groups, and/or fast 
polymerization initiation and propagation rates. In addition, 
with the Grubbs' third generation catalysts, the end groups 
can be engineered to accommodate any compatible groups, 
and the catalyst can be recycled readily. A preferred example 
of Such a catalyst is: 

Br 

The above third generation Grubbs catalyst (G3) may be 
obtained commercially or prepared from a Grubbs second 
generation catalyst (G2) as follows: 
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N 
n 

N N 2 

Ri Excess, Room 
1 " Ph Temperature 
P 

Br 

G3 

The polymerization of the monomers is conducted in a 
Suitable solvent, for example, Solvents generally used for 
conducting ROMP polymerizations. Examples of suitable 
Solvents include aromatic hydrocarbons such as benzene, 
toluene, and Xylene, aliphatic hydrocarbons such as n-pen 
tane, hexane, and heptane, alicylic hydrocarbons such as 
cyclohexane, and halogenated hydrocarbons such as dichlo 
romethane, dichloroethane, dichloroethylene, tetrachlo 
roethane, chlorobenzene, dichlorobenzene, and trichlo 
robenzene, as well as mixtures thereof. 
The monomer concentration can be in the range of 1 to 50 

wt %, preferably 2 to 45 wt %, and more preferably 3 to 40 
wt %. 

The polymerization can be carried out at any Suitable 
temperature, for example, from -20 to +100° C., preferably 
10 to 80° C. 
The polymerization can be carried out for any time 

Suitable to obtain the appropriate chain length of the poly 
mer, which can be from about 1 minute to 100 hours. 
The amount of catalyst can be chosen in any Suitable 

amount. For example, the molar ratio of the catalyst to the 
monomer can be about 1:10 to about 1:1000, preferably 
about 1:50 to 1:500, and more preferably about 1:100 to 
about 1:200. For example, the molar ratio of the catalyst to 
the monomer could be 1:n and 1:m, where n and m are the 
average degrees of polymerization. 
The polymer can be isolated by a suitable technique, for 

example, precipitation with a nonsolvent. 
The polymer can be characterized for its molecular weight 

and molecular weight distribution by any known techniques. 
For example, a MALS-GPC technique can be employed. 
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14 
The technique uses a mobile phase to elute, via a high 
pressure pump, a polymer Solution through a bank of col 
umns packed with a stationary phase. The stationary phase 
separates the polymer sample according to the chain size 
followed by detecting the polymer by three different detec 
tors. A series of detectors can be employed, e.g., an Ultra 
violet detector (UV-detector), followed by a multi-angle 
laser light scattering detector (MALS-detector), which in 
turn, is followed by a refractive index detector (RI-detector) 
in a row. The UV-detector measures the polymer light 
absorption at 254 nm wavelength; the MALS-detector mea 
Sures the scattered light from polymer chains relative to 
mobile phase. 
The copolymers of the invention are highly monodis 

perse. For example, the copolymers have an Mw/Mn of 1.05 
to 1.5, preferably 1.1 to 1.2. 

In accordance with an embodiment, polycyclooctadiene 
(Poly(COD) or PCOD)) can be obtained by polymerizing 
COD by a ROMP catalyst, followed by termination of the 
polymerization, as illustrated below: 

(VIII) 

(G3), DCM 

1,5-Cycloocadiene 
COD, Mw = 108.18 

191-1s-1-1N1 O 
Poly(COD) 

In the above method, polymerization can be terminated in 
a suitable manner, for example, by the use of alkyl vinyl 
ether such as ethyl vinyl ether. 

In accordance with another embodiment, telechelic Poly 
COD can be prepared using ROMP as illustrated below: 

(IX) 

DCM, 40 deg. C. 
-- -e- 

G2 

to / \-on 
HO 

a y a anoH. 

Telechelic Poly(COD) 

The telechelic Poly(COD) can be further modified to 
provide a telechelic Poly(COD) having multiple hydroxyl 
groups. For example, the above telechelic Poly(COD) can be 
reacted with hydroxymethyl ethylene oxide to obtain a 
telechelic Poly(COD) having multiple hydroxyl groups, as 
illustrated below: 
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(X) 

v71)OH 
"Nefn-n-4N-1}e^-1-4N14N O 21 y 21 21 YOH cars. An 

Telechelic Poly(COD) 90 deg. C. 

HO 

HO 

HO OH 
O 

HO HO 

Y. \- Or O O OH 

Telechelic Poly(COD) 

35 

For adhesion to porous fluoropolymer Supports, e.g., 
PTFE, a fluorophilic part is provided by reaction with a 
fluorinated thiol. A hydrophilic functionality can be added 
through a hydrophilic mono-thiol. The reactions are illus 
trated below: 

(XI) 

Ph A 
n-fn1n2n-1}-no S 

- "S-e-n-Y-ne-n-nnes iii. O 

Poly(COD) S - 
-- -e- 

UVFPhoto 
F F F F F F F F initiator F 

F F F > * x^^^-n F F F 
F F F F F F F F 

1H, 1H,2H-Perflurodecanethiol F 
F F 

-- F F 
O 

~. F F 
R-SH HS OH s^- F F 

R = Hydrophilic, OH F F 
carboxylic, 
Sulfonic Poly(COD) 

FW: 480.18 

where m + x = n 
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-continued 
(XII) 

JR OH 
n-fn1n2n-1}-\on S 

HO 
iii. a OH 

Poly(COD) S 

-- His 
UVFPhoto 

F F F F F F F F initiator F 

F F 
SH F 

F F 
F F F F F F F F 

1H, 1H,2H-Perflurodecanethiol F 
F F 

-- F F 

R-SH HS OH s^1 F F 
R = Hydrophilic, OH F F 

carboxylic, 
Sulfonic Poly(COD) 

FW: 480.18 

30 
In accordance with an another embodiment, telechelic 

Poly(COD) can modified as follows: 

(XIII) 

HO 

HO 

HO OH 

HO O r HO 

oJ O Or 
O Y-Quo ea y a a rulu HO OH OH 

O 

OH Y-uo HO O HO 

Telechelic Poly(COD) 

F F F F F F F F 

F 

F 
SH 

F F F F F F F 
1H, 1H,2H-Perflurodecanethiol 

UWPhoto-initiator 
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-continued 
HO 

HO 

HO O OH 

HO J R HO O A. 

O OH 
O a iii. O O O HO S- N-Qup 

S "\-Qu OH 
HO O HO OH 

F O 
F F 

F F Y F F OH HO OH. 

F F 

F F 

F F 

F F 

F F 

Functional Linear hyper branched Poly(COD) 
where m +x = y + 1 

The above structure results from the modification of the so 
hyper-branched P(gly-COD-gly) system and is generated in 
situ on the membrane during the crosslinking step. 

Alternatively, the invention provides a modified linear 
dendritic Poly(COD) of the formula: 

where n + m +x = y + 1 

The hyper-branched PCOD is first reacted with glycidol, 
and the reaction product is modified by the introduction of 
both the hydrophilic and fluorinated side chain. The thiol 
ene reaction introduces both the hydrophilic and fluoro side 
chain to the PCOD backbone. Either a sequential reaction to 
react the fluoro side chain with PCOD followed with the 
hydrophilic component or a mixture of both are reacted with 
PCOD to introduce both at the same time. 
The molecular weight of the PCOD system is tuned so as 

to provide enough double bonds for the thiolene functional 
groups and crosslinking as well. 

60 

65 

The present invention further provides a composite hydro 
philic membrane comprising a porous fluoropolymer and a 
copolymer or a modified homopolymer as described above, 
wherein the copolymer or modified homopolymer is option 
ally crosslinked. 

(VII) 

The Surface tension of the resulting porous membrane can 
be determined as follows. For example, a sheet of PTFE 
membrane is coated at room temperature by optionally 
pre-wetting the membrane sheet with IPA solvent and soak 
ing the membrane in polymer Solution with concentration 
that ranges between 0.1% and 10% by mass. The PTFE sheet 
coating time ranges between 1 min and 12 hours. After 
soaking the membrane, the membrane is dried in convection 
oven at 100° C. to 160° C. The drying time ranges between 
10 minutes and 12 h. The PTFE membrane wetting charac 
teristics are measured by measuring the critical wetting 
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Surface tension. A process for coating and crosslinking is 
illustrated in FIG. 1. FIG. 2 illustrates a method of cross 
linking the coating on a porous fluoropolymer Support in 
accordance with an embodiment of the invention. 
The change in Surface modification in terms of Surface 

tension was measured by a method that was developed to 
measure porous membrane Surface tension rather than Solid 
surface. The method relies on a set of solutions of certain 
composition. Each Solution has specific Surface tension. The 
Solutions surface tension ranges from 25 to 92 dyne/cm in 
Small non-equivalent increments. To measure membrane 
Surface tension, it is positioned on to top of white light table, 
one drop of a solution of certain Surface tension is applied 
to the membrane surface and the time the drop takes to 
penetrate through the membrane and become bright white as 
an indication of light going through the membrane is 
recorded. Instant wetting is considered when the time the 
drop takes to penetrate the membrane is <10 seconds. If the 
time >10 seconds, the solution is considered to partially wet 
the membrane. 

Crosslinking can be carried out by any Suitable method, 
for example, by the use of a photoinitiator and a high energy 
radiation, e.g., UV. It is contemplated that the crosslinking 
would provide a highly stable polymer network in the 
membrane. 
The crosslinking can be carried out as follows. The 

polymer coated PTFE sheets are pre-wet with IPA, the sheets 
are then washed with the solvent with which the photo 
initiator is prepared in to exchange IPA with that solvent. 
The sheets are then soaked in a solution of photo-initiator 
with certain concentration for a certain time followed by 
exposure to UV irradiation. The soaking time in photo 
initiator solution ranges from 1 minute to 24 hours. The UV 
irradiation time ranges from 30 seconds to 24 hours. The 
membrane critical wetting surface tension (CWST), perfor 
mance characterization, and/or SPM testing are then mea 
sured. “SPM means hot sulfuric acid hydrogen peroxide 
mixture (HSO (96%): H.O. (30%) of 80:20 by volume) at 
120 to 180° C. 

In accordance with an embodiment of the invention, the 
hydrophilic fluoropolymer membrane is a porous mem 
brane, e.g., a nanoporous membrane, for example, a mem 
brane having pores of diameter between 1 nm and 100 nm, 
or a microporous membrane having pores of diameter 
between 1 um and 10 Jum. 

Hydrophilic fluoropolymer porous membranes according 
to embodiments of the invention can be used in a variety of 
applications, including, for example, diagnostic applications 
(including, for example, sample preparation and/or diagnos 
tic lateral flow devices), inkjet applications, lithography, 
e.g., as replacement for HD/UHMWPE based media, fil 
tering fluids for the pharmaceutical industry, metal removal, 
production of ultrapure water, treatment of industrial and 
Surface waters, filtering fluids for medical applications (in 
cluding for home and/or for patient use, e.g., intravenous 
applications, also including, for example, filtering biological 
fluids such as blood (e.g., virus removal)), filtering fluids for 
the electronics industry (e.g., filtering photoresist fluids in 
the microelectronics industry and hot SPM), filtering fluids 
for the food and beverage industry, beer filtration, clarifica 
tion, filtering antibody- and/or protein-containing fluids, 
filtering nucleic acid-containing fluids, cell detection (in 
cluding in situ), cell harvesting, and/or filtering cell culture 
fluids. Alternatively, or additionally, membranes according 
to embodiments of the invention can be used to filter air 
and/or gas and/or can be used for venting applications (e.g., 
allowing air and/or gas, but not liquid, to pass therethrough). 
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Membranes according to embodiments of the inventions can 
be used in a variety of devices, including Surgical devices 
and products, such as, for example, ophthalmic Surgical 
products. 

In accordance with embodiments of the invention, the 
hydrophilic fluoropolymer porous membrane can have a 
variety of configurations, including planar, flat sheet, 
pleated, tubular, spiral, and hollow fiber. 

Hydrophilic fluoropolymer porous membranes according 
to embodiments of the invention are typically disposed in a 
housing comprising at least one inlet and at least one outlet 
and defining at least one fluid flow path between the inlet 
and the outlet, wherein at least one inventive membrane or 
a filter including at least one inventive membrane is across 
the fluid flow path, to provide a filter device or filter module. 
In an embodiment, a filter device is provided comprising a 
housing comprising an inlet and a first outlet, and defining 
a first fluid flow path between the inlet and the first outlet; 
and at least one inventive membrane or a filter comprising 
at least one inventive membrane, the inventive membrane or 
filter comprising at least one inventive membrane being 
disposed in the housing across the first fluid flow path. 

Preferably, for crossflow applications, at least one inven 
tive membrane or filter comprising at least one inventive 
membrane is disposed in a housing comprising at least one 
inlet and at least two outlets and defining at least a first fluid 
flow path between the inlet and the first outlet, and a second 
fluid flow path between the inlet and the second outlet, 
wherein the inventive membrane or filter comprising at least 
one inventive membrane is across the first fluid flow path, to 
provide a filter device or filter module. In an illustrative 
embodiment, the filter device comprises a crossflow filter 
module, the housing comprising an inlet, a first outlet 
comprising a concentrate outlet, and a second outlet com 
prising a permeate outlet, and defining a first fluid flow path 
between the inlet and the first outlet, and a second fluid flow 
path between the inlet and the second outlet, wherein at least 
one inventive membrane or filter comprising at least one 
inventive membrane is disposed across the first fluid flow 
path. 
The filter device or module may be sterilizable. Any 

housing of Suitable shape and providing an inlet and one or 
more outlets may be employed. 
The housing can be fabricated from any suitable rigid 

impervious material, including any impervious thermoplas 
tic material, which is compatible with the fluid being pro 
cessed. For example, the housing can be fabricated from a 
metal. Such as stainless steel, or from a polymer, e.g., 
transparent or translucent polymer, Such as an acrylic, poly 
propylene, polystyrene, or a polycarbonate resin. 

In accordance with an embodiment, the hydrophilic fluo 
ropolymer porous membrane comprises any suitable porous 
fluoropolymer Support, for example, a Support made from 
PTFE, PVDF (polyvinylidene fluoride), PVF (polyvinyl 
fluoride), PCTFE (polychlorotrifluoroethylene), FEP (fluo 
rinated ethylene-propylene), ETFE (polyethylenetetrafluo 
roethylene), ECTFE (polyethylenechlorotrifluoroethylene), 
PFPE (perfluoropolyether), PFSA (perfluorosulfonic acid), 
and perfluoropolyoxetane. The porous Support can have any 
suitable pore size, e.g., from about 10 nm to about 10 
microns, preferably PTFE and PVDF. 
The present invention further provides a hydrophilically 

modified fluoropolymer membrane produced by the method 
described above. 
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The present invention further provides a method of fil 
tering a fluid, the method comprising passing the fluid 
through the hydrophilic fluoropolymer membrane described 
above. 

The following examples further illustrate the invention 
but, of course, should not be construed as in any way 
limiting its scope. 

Example 1 

Materials: The following materials were purchased and 
used as received. 

Dimethyl 5-norbornene-2,3-dicarboxylate (C3) was pur 
chased from Alfa Aesar, 

Dichloromethane (DCM) was stored over activated Alu 
mina and purged with Argon before use, Isopropyl alcohol 
(IPA), dicyclopentadiene (DCPD), tetrahydrofuran (THF), 
ethyl acetate, N-phenylmaleimide, acetonitrile, methanol, 
Grubbs second generation catalyst, 3-bromopyridine, and 
pentane were obtained from Sigma-Aldrich Co. and used 
without further treatment. Dichloropentane, also obtained 
from Sigma-Aldrich Co., was treated with basic alumina 
before use. 1.5-Cyclooctadiene (COD) was purified by 
vacuum distillation from boron trifluoride and used fresh. 

Example 2 

This example illustrates the preparation of dichloro 1,3- 
bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene (ben 
Zylidene)bis(3-bromopyridine)ruthenium(II) (G3) catalyst. 

C 

Rui Excess, Room 
1 " Ph Temperature 
P 

-K-xy.' 
o 

\ i? 
2N 

Ph 

S. Br 

The second generation Grubbs catalyst (G2) illustrated 
above (1.0 g, 1.18 mmol) was mixed with 3-bromopyridine 
(1.14 mL, 11.8 mmol) in 50 mL flask. Upon stirring at room 
temperature for 5 min, the red mixture turned into bright 
green. Pentane (40 mL) was added with stirring for 15 
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minutes and green Solid was obtained. The mixture was 
cooled in the freezer for 24 hand filtered under vacuum. The 

resulting G3 catalyst, a green Solid, was washed with cold 
pentane and dried under vacuum at room temperature to give 
a yield of 0.9 g, 88% yield. 

Example 3 

This example illustrates the gel permeation chromato 
graphic characterization of the homopolymer and copoly 
mers in accordance with an embodiment of the invention. 

The homopolymer and block copolymer obtained was 
characterized for their molecular weight and molecular 
weight distribution properties by the MALS-GPC technique 
under the following conditions: 

Mobile phase: Dichloromethane (DCM). 
Mobile phase temperature: 30° C. 
UV wavelength: 245 nm. 
Columns used: three PSS SVD Lux analytical columns 

(styrene-divinylbenzene copolymer network), columns hav 
ing as stationary phase beads of diameter 5 um and pore 
sizes of 1000 A, 100,000 A, and 1,000,000 A, and guard 
columns. 

Flow rate: 1 mL/min. 

GPC system: waters HPLC alliance e2695 system with 
UV and RI detectors 

MALS system: The DAWN HELEOS 8 system with 8 
detectors operating a laser at 664.5 nm. 

Example 4 

This example illustrates a method of synthesis of Poly 
cyclooctadiene (P-COD) in accordance with an embodiment 
of the invention. 

In a 50 ml round-bottomed flask equipped with a stir bar, 
Grubb’s second generation catalyst (3.0 mg, 0.004 mmol), 
2-butene-1,4-diol (10.0 mg, 0.12 mmol) and 1,5-cycloocta 
diene (490 mg, 4.54 mmol) were combined and degassed 
with argon for 5 min and transferred to an oil bath at 40°C. 
Heating was continued for 1 h followed by the addition of 
the remaining 1,5-cyclooctadiene (4.5 mg, 4.2 mmol) in 5 
ml of DCM to the mixture and continued heating for another 
6 h. The hydroxyl terminated polymer (P-COD) was isolated 
by precipitation in methanol. H-NMR (300 MHz, CDC1): 
6 (ppm) 5.3 to 5.5 (s. broad, 1H), 1.75 to 2.5 (s, broad). 

Example 5 

This example illustrates a method of synthesis of a 
telechelic polymer having glycidyl terminal groups of the 
formula (X), Poly(gly-hb-COD-hb-gly), in accordance with 
an embodiment of the invention. 

In a 50 ml round-bottomed flask equipped with a stir bar, 
telechelic polycyclooctadiene (hydroxy terminated) (1.0 g) 
was dissolved in diglyme at 90-100° C. The hydroxyl group 
was activated with CaH (0.5 g) with stirring for 1 h. 
Glycidol (10.0 g, 135 mmol) was added to the mixture drop 
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wise over 30 min. The reaction was continued to be heated 

for 12 h. the polymer was isolated by precipitation in 
hexane. 'H-NMR (CDC1): 8 (ppm) 5.6 (s1H), 5.45 to 5.3 
(m. broad), 2.4 (s 2H), 2.2 to 1.9 (m broad). 

Example 6 

This example illustrates a method of post-functionaliza 
tion of Polycyclooctadiene and a hyperbranched block copo 
lymer thereof with a fluorine-containing reagent. 

Either PCOD homopolymer or the copolymer of formula 
A is post functionalized with 1H, 1H,2H2H-Perfluorode 
canethiol in the presence of photoinitiator under UV irra 
diation by following substantially the same process. For 
example, PCOD (1.0 g) is dissolved in tetrahydrofuran 
containing up to 15% by mass of Irgacure 2959 photoini 

(1-4-(2-Hydroxyethoxy)-phenyl-2-hydroxy-2- 
methyl-1-propane-1-one). The solution is exposed to UV 
irradiation (300-480 nm, 150-250 mWatt, 60 to 180 sec 
onds). The reaction mixture is used in the PTFE coating and 

tiator 

crosslinking processes. 

Example 7 

This example illustrates the coating and crosslinking 
procedure of PCOD and Poly(gly-hb-COD-hb-gly) on a 
PTFE porous support. 
The coating and crosslinking procedures for the fluori 

nated PCOD or fluorinated Poly(gly-hb-COD-hb-gly) 
hyperbranched-block polyglycerol are substantially the 
same. The following example is based on fluorinated PCOD. 
A porous PTFE membrane is coated with either fluori 

nated PCOD modified via thiol-ene reaction by soaking the 
membrane in a solution containing the following: Fluori 
nated PCOD (1 to 10% mass concentration) in THF, pho 
toinitiator (Irgacure, 1 to 15% mass), sodium salt of 3-mer 
captoethaneSurfonic acid (1 to 15% mass, neutralized in 
aqueous THF with dilute HCl solution (1N) till forming 
homogenous solution in THF), the membrane is crosslinked 
with this mixture with UV irradiation (300-480 nm, 150-250 
mWatt, 60 second to 180 second). The membrane was then 
washed with DI water and dried at 100° C. for 10 min. 

The GPC traces of PCOD and P(gly-hb-COD-hb-gly) are 
depicted in FIG. 3. 

P(gly-hb-COD-hb-gly) was in situ reacted with 1H, 1H, 
2H2H-Perfluorodecanethiol in the presence of photoinitia 
tor (Irgacure 2959, 10%) under UV irradiation (90 seconds). 
The resulting polymer mixture was used to coat PTFE 
membrane and measure CWST by following the same 
process discussed above. The CWST of the PTFE and 
treated PTFE surfaces are illustrated in Table 1. 
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TABLE 1. 

CWST values 

CWST (dynes/cm 

Timed 
Coating ID Instant 10'-15" 

PTFE native 25.4 25.4 
PTFEPCOD 33 35 
treated-1 
PTFE P(gly-hb- 37 39 
COD-hb-gly) 
treated-1 

All references, including publications, patent applica 
tions, and patents, cited herein are hereby incorporated by 
reference to the same extent as if each reference were 

individually and specifically indicated to be incorporated by 
reference and were set forth in its entirety herein. 
The use of the terms “a” and “an and “the' and “at least 

one' and similar referents in the context of describing the 
invention (especially in the context of the following claims) 
are to be construed to cover both the singular and the plural, 
unless otherwise indicated herein or clearly contradicted by 
context. The use of the term “at least one’ followed by a list 
of one or more items (for example, “at least one of A and B) 
is to be construed to mean one item selected from the listed 

items (A or B) or any combination of two or more of the 
listed items (A and B), unless otherwise indicated herein or 
clearly contradicted by context. The terms “comprising.” 
“having,” “including, and “containing are to be construed 
as open-ended terms (i.e., meaning “including, but not 
limited to.”) unless otherwise noted. Recitation of ranges of 
values herein are merely intended to serve as a shorthand 
method of referring individually to each separate value 
falling within the range, unless otherwise indicated herein, 
and each separate value is incorporated into the specification 
as if it were individually recited herein. All methods 
described herein can be performed in any suitable order 
unless otherwise indicated herein or otherwise clearly con 
tradicted by context. The use of any and all examples, or 
exemplary language (e.g., “such as”) provided herein, is 
intended merely to better illuminate the invention and does 
not pose a limitation on the scope of the invention unless 
otherwise claimed. No language in the specification should 
be construed as indicating any non-claimed element as 
essential to the practice of the invention. 

Preferred embodiments of this invention are described 

herein, including the best mode known to the inventors for 
carrying out the invention. Variations of those preferred 
embodiments may become apparent to those of ordinary 
skill in the art upon reading the foregoing description. The 
inventors expect skilled artisans to employ such variations 
as appropriate, and the inventors intend for the invention to 
be practiced otherwise than as specifically described herein. 
Accordingly, this invention includes all modifications and 
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equivalents of the Subject matter recited in the claims 
appended hereto as permitted by applicable law. Moreover, 
any combination of the above-described elements in all 
possible variations thereof is encompassed by the invention 
unless otherwise indicated herein or otherwise clearly con 
tradicted by context. 

The invention claimed is: 

1. A composite hydrophilic porous membrane comprising 
a porous fluoropolymer Support and a coating comprising a 
crosslinked polymer network, wherein the composite hydro 
philic membrane is produced by coating the porous fluo 
ropolymer Support with a coating composition comprising a 
Solvent, a crosslinking agent, a photoinitiator, and a telech 
elic polymer comprising a backbone made of polymerized 
1,5-cyclooctadiene repeat units, wherein at least one of said 
repeat units comprises a pendant hydrophilic group attached 
thereto and at least another one of said repeat units com 
prises a pendant fluorinated hydrophobic group attached 
thereto, and crosslinking in situ the resulting coating. 

2. The composite hydrophilic porous membrane of claim 
1, wherein the telechelic polymer comprises hydrophobic 
and/or hydrophilic terminal end groups. 

3. The composite hydrophilic porous membrane of claim 
1, wherein the telechelic polymer comprises repeat units B 
and C, and optionally one or more repeat units A, wherein 
the repeat units A-C are of the formulae: 

(A) 

Ph 
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-continued 

(B) 

(C) 

wherein R is a hydrophilic group. 
4. The composite hydrophilic porous membrane of claim 

3, wherein R is selected from carboxy alkyl, sulfonic alkyl, 
and hydroxyalkyl groups. 

5. The composite hydrophilic porous membrane of claim 
3, which comprises repeat units A, B, and C. 

6. The composite hydrophilic porous membrane of claim 
1, which has hydrophobic terminal end groups. 

7. The composite hydrophilic porous membrane of claim 
1, wherein the telechelic polymer is of the formula: 
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wherein X and mare individually up to 35 mole% of n+m+x, 8. The composite hydrophilic porous membrane of claim 
wherein n+m+X=from 10 to 1000, and n and m are indi- 5, wherein the telechelic polymer comprises hydrophilic 

s - terminal end groups. 
vidually from about 10 to about 1000, and R is a hydrophilic 9. The composite hydrophilic porous membrane of claim 
group. 8, wherein the telechelic polymer has the following formula: 

R 
M 

S 

P 
p1O 21 i: iii. o1 

S 

F 

F 

F 

F 
F 

30 wherein P is a group capable of initiating polymerization, X 
and mare individually up to 35 mole % of n+m+x, wherein 
n+m+X=from 10 to 1000. 

10. The composite hydrophilic porous membrane of claim 
9, wherein R is selected from carboxy alkyl, sulfonic alkyl, 
and hydroxyalkyl groups. 

35 

11. The composite hydrophilic porous membrane of claim 
40 1, wherein the crosslinking agent is a bithiol or a multithiol. 

12. The composite hydrophilic porous membrane of claim 
9, wherein the telechelic polymer is of the formula: 

R 
M 

S 

HO 

se-------->-n}^-r-nrol O ;: iii. 
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-continued 
HO 

HO 
O OH 

HO OH R r r 
O O s' -- -- O O OH 

HO D- O O 
ro n-N- a pi iii. S r HO 
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O ol 
F orn-roH, 

OH F F HO 
HO F/YF OH 

F F 
F F 
F F 
F F 
F F 

F 

wherein X and mare individually up to 35 mole% of n+m+x, 
wherein n+m+X=from 10 to 1000. 

13. The composite hydrophilic porous membrane of claim 
1, wherein the photoinitiator is selected from camphor 
quinone, benzophenone, benzophenone derivatives, aceto 
phenone, acetophenone derivatives, phosphine oxides and 
derivatives, benzoin alkyl ethers benzil ketals, phenylgly 
oxalic esters and derivatives thereof, dimeric phenylglyox 
alic esters, peresters, halomethyltriazines, hexaarylbisimida 

ferrocenium compounds, Zole? coinitiators systems, 
titanocenes, and combinations thereof. 

25 

30 

14. The composite hydrophilic porous membrane of claim 
1, wherein the porous fluoropolymer Support is selected 
from PTFE, PVDF, PVF (polyvinyl fluoride), PCTFE (poly 
chlorotrifluoroethylene), FEP (fluorinated ethylene-propyl 
ene), ETFE (polyethylenetetrafluoroethylene), ECTFE (poly 
ethylenechlorotrifluoroethylene), PFPE (perfluoropo 
lyether), PFSA (perfluorosulfonic acid), and perfluoropoly 
OXetane. 

15. The composite hydrophilic porous membrane of claim 
1, wherein the crosslinking of the coating is carried by 
exposing the coating to UV radiation. 

k k k k k 


